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A B S T R A C T

Aim: Since December 2019, new COVID-19 outbreaks have occurred and spread around the world. However, the
clinical characteristics of patients in other areas around Wuhan, Hubei Province are still unclear. In this study,
we performed epidemiological and clinical characteristics analysis on these regional cases.
Methods: We retrospectively investigated COVID-19 patients positively confirmed by nucleic acid Q-PCR at
Taihe Hospital from January 16 to February 4, 2020. Their epidemiological, clinical manifestations, and imaging
characteristics were analysed.
Results: Among the 73 patients studied, 12.3 % developed symptoms after returning to Shiyan from Wuhan, and
71.2 % had a history of close contact with Wuhan personnel or confirmed cases. Among these patients, 9 cases
were associated with family clustering. The first main symptoms presented by these patients were fever (84.9 %)
and cough (21.9 %). The longest incubation period was 26 days, and the median interval from the first symptoms
to admission was 5 days. Of the patients, 67.1 % were originally healthy people with no underlying diseases,
others mostly had common comorbidities including hypertension (12.3 %) and diabetes (5.5 %), 10.9 % were
current smokers, 30.1 % had low white blood cell counts and 45.2 % showed decreased lymphocytes at the first
time of diagnosis. CT scans showed that multiple patchy ground glass shadows outside of the patient lungs were
commonly observed, and a single sub-pleural sheet of ground glass shadow with enhanced vascular bundles was
also found located under the pleura. Patient follow-up to February 14 presented 38.4 % severe cases and 2.7 %
critical cases. After follow-up, the parameter of lymphocyte counts below 0.8× 109/L cannot be used to predict
severe and critical groups from the ordinary group, and a lower proportion of smokers and higher proportion of
diabetes patients occur in the poor outcome group. Other co-morbidities are observed but did not lead to poor
outcomes.
Conclusion: The epidemiological characteristics of patients in the area around Wuhan, such as Shiyan, at first
diagnosis are described as follows: Patients had histories of Wuhan residences in the early stage and family
clustering in the later period. The incubation period was relatively long, and the incidence was relatively hidden,
but the virulence was relatively low. The initial diagnosis of the patients was mostly ordinary, and the per-
centage of critical patients who evolved into the ICU during follow-up is 2.7 %, which is lower than the 26.1 %
reported by Wuhan city. According to the Shiyan experience, early diagnosis with multiple swaps of the Q-PCR
test and timely treatment can reduce the death rate. Diabetes could be one of the risk factors for progression to
severe/critical outcomes. No evidence exists that smoking protects COVID-19 patients from developing to se-
vere/critical cases, and the absolute number of lymphocytes at initial diagnosis could not predict the progression
risk from severe to critical condition. Multivariate regression analysis should be used to further guide the al-
location of clinical resources.

Since December 2019, new cases of COVID-19 have occurred in Hubei province (China), Hong Kong, Macau, China, Korea, Japan, the
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Philippines, Singapore, and the United States etc. [1,2]. At this mo-
ment, clinical characteristics analysis of the cases surrounding areas of
Wuhan city, Hubei province has not yet been reported. Shiyan is lo-
cated in the northwest of Hubei province and is a regional central city
adjacent to Hubei, Henan, Shanxi, and Chongqing with approximately
3.5 million people. This area is also one of the main battlefields against
COVID-19. The aim of this article is to analyse the epidemiological and
clinical characteristics of patients with COVID-19 diagnosed at Taihe
Hospital, Shiyan, Hubei province from January 16 to February 4, 2020,
with follow-up performed until February 14, 2020.

1. Data collection and research method

According to the COVID-19 diagnosis and treatment protocol (fifth
edition of the trial operation) [3], we combined and applied epide-
miological history, clinical manifestation, imaging detection and Q-PCR
of the respiratory specimens as tools to confirm positive cases. From
January 16 to February 4, 2020, a total of 73 patients diagnosed with
COVID-19 in Taihe Hospital at Shiyan were identified as the research
subjects. This study was approved by the Ethics Committee of Taihe
Hospital, and written informed consent was waived due to the rapid
emergence of this infectious disease. Follow-up examinations were
performed until February 14, 2020, and the epidemiological and clin-
ical characteristics of the above patients were retrospectively analysed.

2. Q-PCR method

Extraction of viral nucleic acid from respiratory specimens was
performed using the EZ1 virus mini kit v2.0 (Qiagen). The RNA was
eluted in 60 μl of AVE buffer and used as a template for all assays. Two
specific real-time RT-PCR methods targeting N and ORF1ab were de-
signed to detect the presence of 2019-nCoV in clinical samples. The
ORRlab gene primer sequences are listed as follows. The forward
primer sequence is CCCTGTGGGTTTTACACTTAA, the reverse primer
sequence is ACGATTGTGCATCAGCTGA, and the probe sequence is 5'-
FAM-CCGTCTGCGGTATGTGGAAAGGTTATGG-BHQ1-3'. For the N
gene, the forward primer sequence is GGGGAACTTCTCCTGCTAGAAT,
the reverse primer sequence is CAGACATTTTGCTCTCAAGCTG, and the
probe sequence is 5'-FAM-TTGCTGCTGCTTGACAGATT-TAMRA-3'.
Thermal cycling was performed at 50 °C for 20min for reverse tran-
scription, followed by 95 °C for 15min, 50 cycles of 94 °C for 5 s and
55 °C for 1min. The result was confirmed as negative if no Ct value or
Ct value>40 was obtained. Positive cases were confirmed if Ct
value<37, and suspicious cases were defined if Ct value was between
37 and 40. For suspicious samples, the experiment was repeated mul-
tiple times with multiple swaps of sample for final confirmation.

3. Results

3.1. Demographic characteristics

This study included 73 patients with COVID-19, of which 9 were
clustered in families. Of these patients, 61 were travelling back from
Wuhan or had a history of close contact with confirmed cases. One of
the patients ate a meal near the Huanan China Seafood Market, but it is
worth noting that 12 cases had no clear contact history. All of the above
are non-medical workers. The average age is 43 years old, and 23
people had chronic underlying diseases, including diabetes, hyperten-
sion, oesophageal cancer surgery, bilateral femoral head necrosis, and
lower extremity vein thrombosis (Table 1).

3.2. Clinical manifestations at first diagnosis

Most patients had fever as the first symptom for admission. Other
symptoms included cough, fatigue, hoarseness and diarrhoea. Certain
patients did not have fever at the time of consultation, and most were

not accompanied by organ damage (Table 2).

3.3. Laboratory examination

The total number of white blood cells of the patients was analysed at
the time of admission. Of the patients, 30.1 % showed decreased total
white blood cell counts, and 45.2 % showed decreased lymphocyte

Table 1
Characteristics of COVID-19 patients.

Patients (n= 73)

Age (Years)
Intervals 21−76
20−29 11(15.7 %)
30−39 16(21.9 %)
40−49 24(32.9 %)
50−59 12(16.4 %)
60−69 7(7.6 %)
70−79 3(4.1 %)
Gender
Female 33(45.2 %)
Male 40(54.8)
Epidemiological history
From Wuhan 9(12.3 %)
Close contact with Wuhan personnel 52(71.2 %)
Unknown 12(16.4 %)
Any comorbidity
Cardiovascular disease1 12(16.4 %)
Endocrine disease2 4(5.5 %)
Respiratory disease3 4(5.5)
Digestive system disease4 3(4.1 %)
Malignant tumour 1(1.4 %)
Other 8(11.0 %)
Patients without underlying disease 49(67.1 %)
Smoking history
Yes 8(10.9 %)
No 65(89.1 %)

Note: [1] Of the cardiovascular disease patients, 9 cases (12.3 %) had hy-
pertension, 1 case had cardiac disease, 1 case had coronary heart disease, and 1
case had cerebral infarction. [2] Of the endocrine disease patients, 4 cases had
diabetes [3]. Of the respiratory disease patients, 3 cases had sinusitis, and 1
case had pleurisy, but none of them had chronic obstructive pulmonary disease
[4]. Of the patients with digestive system disease, 2 cases were HBV carriers,
and 1 case had chronic pancreatitis.

Table 2
Clinical characteristics of patients at the first diagnosis.

Patient (n= 73)

Initial symptoms and characteristics
Fever on admission 62(84.9 %)
Cough 16(21.9 %)
Fatigue 7(9.6 %)
Sore throat and hoarseness 6(8.2 %)
Fatigue & poor appetite 3(4.1 %)
Myalgia or joint pain 2(2.7 %)
Chest pain 1(1.4 %)
Diarrhoea 1(1.4 %)
Headache 1(1.4 %)
Body temperature (°C)
Below 37.3 37(50.7 %)
37.3−38 24(32.8 %)
38.1−39 7(9.6 %)
39.1−41 5(6.8 %)
Clinical classification
Ordinary 73(100 %)
Severe 0
Critical 0

Note: Clinical classification is based on the COVID-19 diagnosis and
treatment protocol (fifth edition of the trial operation) issued by the
National Health Commission of the People’s Republic of China;
ECMO, extracorporeal membrane oxygenation.
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counts. Most patients were positively diagnosed with a single throat
swab in the Q-PCR test, but a small number of patients required mul-
tiple sampling to confirm the diagnosis (Table 3).

3.4. Outcome

Newly diagnosed patients confirmed with positive throat swap Q-
PCR test were transferred to the designated hospitals. After follow-up,
2.7 % of patients were defined as critical, 38.4 % were defines as severe,
and 58.9 % were defined as ordinary. Additionally, 10 % of the severe/
critical patients had comorbidity of diabetes, and 2.3 % of the ordinary
patients had comorbidity of diabetes (Table 4).

3.5. Treatment of patients

All newly diagnosed patients at the mild or ordinary condition were
prescribed 5 million units of aerosolized interferon-alpha via inhalation
twice per day and 2 capsules of lopinavir/ritonavir orally twice daily
for antiviral treatment (a treatment course for 10 days) and levo-
floxacin at 0.4 g/day by intravenous infusion to prevent bacterial in-
fection. An amount of 3mL of nebulized acetylcysteine solution was
given twice per day by inhalation as an expectorant and cough treat-
ment. Patients showing continuous fever for more than 1 week,
showing rapid progression as observed by imaging within 3–5 days, or
showing progression into severe and critical conditions were given
glucocorticoid methylprednisolone at 1mg/kg for anti-inflammation (a
treatment course of 5–10 days). Intravenous infusion of levofloxacin at
0.4 g/day was applied for severe patients to prevent bacterial infection.
Maintenance of water and electrolyte balance and supplying sympto-
matic treatment of basic diseases and complications are also important
[5,6]

3.6. Follow-up of patients on lymphocyte counts

The number of patients with lymphocyte counts less than 0.8×109/
L in the severe/critical group was not significantly different from that of
the ordinary group. (Table 5)

3.7. Follow-up of patients on comorbidities

In comparing patients classified as severe/critical with ordinary
patients, patients with diabetes mellitus incidence in the severe/critical
group was not significantly different from the ordinary group (Table 6).

3.8. Follow-up of patients on smoking history

Comparing the patients classified as severe/critical with patients
classified as ordinary, the proportion of patients with smoking histories
in the severe/critical group was not significantly different from that of
the ordinary group (Table 7).

3.9. Chest imaging features at first diagnosis

All patients received thin-layer CT of the chest, and most had
multiple strips of ground-glass shadowing in the lungs, mainly located
in the outer boundary, or single-piece ground glass shadowing with
enhanced blood vessel bundles located under the pleura, the corre-
sponding CT images were shown in Fig. 1.

4. Discussion

Coronavirus is one of the main pathogens of respiratory infections
[4]. There have been three major outbreaks of coronavirus in the 21 st
century, namely, SARS-CoV, MERS-Cov, and COVID-19, all of which
can cause severe respiratory distress syndrome in humans [7]. After

Table 3
Laboratory diagnostic test result of COVID-19 patients.

Patients (n= 73)

White blood cell count (x 109/normal range 3.5−9.5)
Decrease 22(30.1 %)
Normal 50(68.5 %)
Increase 1(1.4 %)
Neutrophil count (x 109/normal range 1.1−3.2)
Decrease 33(45.2 %)
Normal 40(54.8 %)
Increase 0(0 %)
No. of throat swab tests to confirm positive diagnosis
1 59(80.8 %)
2 10(13.7 %)
≥3 4(5.5 %)

Table 4
Outcomes of follow-up patients.

Follow up Patients (n=73)

Ordinary 43(58.9 %)
Severe 28(38.4 %)
Critical 2(2.7 %)
Severe/Critical in combination with diabetes 3(10 %)
Ordinary in combination with diabetes 1(2.3 %)

Table 5
Comparative analysis of lymphocyte counts between severe/critical patients
and ordinary patients.

White blood cell count (109/L; normal range 1.1−3.2)

Type ≤0.8 ＞0.8
Severe/critical 8(26.7 %) 22(73.3 %)
Ordinary 10(23.3 %) 33(76.7 %)

Note: Comparing severe/critical patients with ordinary patients, the absolute
value of lymphocyte count was not statistically significant at the absolute
number of 0.8×109/L (χ2 = 0.111, P > 0.05).

Table 6
Comparative analysis of diabetes association among severe/critical and or-
dinary patients.

Type Comorbidity with diabetes

Diabetes patients Non-diabetes patients

Severe/critical 3(10.0 %) 27(90.0 %)
Ordinary 1(2.3 %) 42(97.7 %)

Note: Compared with severe/critical patients and ordinary patients, patients
with diabetes mellitus had a higher proportion in the severe/critical illness
group than in the ordinary group, but the difference was not statistically sig-
nificant (χ2=2.010, P > 0.05).

Table 7
Comparative analysis of smoking history association among severe/critical and
ordinary patients.

Type Smoking history

Smoker Non-smoker

Severe/critical 2(6.7 %) 28(93.3 %)
Ordinary 6(14.0 %) 37(86.0 %)

Note: Comparing the smoking history ratio with ordinary group, the proportion
of patients in the severe/critical group was lower, but the difference was not
statistically significant (χ2=0.962, P > 0.05).
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analysis of the virus sequence, the natural host inferred by COVID-19
might be bat [8], pangolin and other wild animals. The number of in-
fected people in China reached 63,946 as of February 14, 2020, far
exceeding those of SARS and MERS.

This study analysed the clinical characteristics of new coronavirus
pneumonia in Shiyan, Hubei Province and found the following: 1) Male
patients have higher prevalence, similar to the conclusion of Nanshan
Chen [9]. The reason for the gender difference might be related to fe-
male oestrogen and X chromosome factors [7,10,11] and social gender
roles because it is mostly men who go to work and travel more fre-
quently in the culture of China; 2) The patients with COVID-19 outside
Wuhan, Hubei province mostly had a history of living in Wuhan in the
early stage (referred to as the first generation of patients), and later on,
the second generation and third generations primarily showed clustered
onset, which is consistent with the current report [9]. However, there
were also patients who did not have contact with any people from
Wuhan, but had the occupation of salesperson or window unit staff.
This result indicated that the public spreading power of the virus is
strong and that the survivability of the virus is long lasting [12].
However, we still need additional information on the epidemiological
history and related life histories to draw a conclusion [13]. 3) The
majority of young patients had ages of 30–49 years, and comorbidities
of hypertension and diabetes were common in patients, but no patients
had COPD. The median interval between the first symptom and ad-
mission to the hospital is 5 days, and the longest incubation period is 26
days, longer than the 24 days reported by academician Zhong Nanshan
[14].

Among all patients, only 10.9 % were smokers, but in the severe/

critical group, 6.7 % were smokers, which is not significantly lower
than that of the ordinary group with 14.0 %. This result indicated that
smoking is not a protective factor for COVID-19 patients, consistent
with the TH Rainer studies [15]. Currently, there are no confirmed
cases of medical staff infection in our hospital, indicating that as long as
the medical staff are properly protected, the chance of infection can be
effectively blocked [16]; 5) The majority of the patients present with
fever and cough, and most patients have intermittent fever and low
fever, but a subset are characterized by fatigue, sore throat, and hoar-
seness, and accompanying symptoms include one case diarrhoea and
one case of headache, similar to that reported by Wuhan [9]. One pa-
tient had no abnormal clinical manifestation, but this patient was
previously in close contact with a person from another confirmed case,
indicating that these unidentified symptom-less patients are a poten-
tially horrible source of chain infection. 6) The proportion of severe/
critical cases accounted for 41.1 %, and the severe cases accounted for
38.4 %. The critical cases that required admission to the ICU accounted
for 2.7 %, which is lower than the 26 % currently reported in Wuhan
[17]. The difference could be based on the different diagnostic criteria
used because the new diagnostic standard, respiratory failure, shock,
and other functional failures are viewed as critical criteria [3], which
will significantly increase the proportion of severe cases. The propor-
tion of patients with lymphocyte counts less than 0.8 attributed to
critical illness showed no significance difference compared with that of
the ordinary group, and thus we could not only rely on low lymphocyte
count as a single factor to predict progression risk factors for critical
illness [17].

In addition, 19.2 % of patients needed multiple throat swabs to

Fig. 1. A & B) Multi-window sheet-like ground glass shadow of both lungs, C & D) single sheet ground glass shadow with vascular bundle enhancement.
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obtain Q-PCR positive results, suggesting that the sensitivity of the
throat swab test is limited. For patients with high clinical suspicion,
multiple sampling or combined sputum and alveolar lavage fluid might
help to decrease the false negative rate [18]. Imaging is often reveals
multiple patchy and ground-glass shadows in the lungs, which is
common in the subpleural or peripheral regions of the lungs, whereas
only one lesion occurred mostly in the early phase [19]. The clinical
manifestations are not in parallel with the imaging changes. Imaging
changes showed a 3–5 day delay relative to clinical symptom pre-
sentation. Certain patients have poor absorption and also display
pneumonia or fibrosis, which are similar to viral pneumonia syndromes
[20–22].

After follow-up, from the current recovery condition of the patients,
the proportion of severe cases is low, and there are no deaths. The
reasons are considered as follows: 1) The viral pathogenicity and
toxicity are slightly higher in the first-generation patients, whereas the
second-generation and third-generation patients consist mostly of mild
and moderate cases, indicating that the transmission and viability of
COVID-19 is notably strong under specific circumstances, which is
consistent with the report by Qun Li [23]. The pathogenicity gradually
weakens during the transmission process, and the reason for this ob-
servation needs to be further investigated; 2) Beginning in mid-January,
greater attention was focused nationwide on the prevention and treat-
ment of COVID-19. Patients in the surrounding areas of Wuhan coop-
erated with the government and took the initiative to go to the hospital
for early diagnosis and treatment. 3) Shiyan has sufficient medical fa-
cilities and medical staff, with 5 first-class hospitals at grade 3A, and
the medical resources per capita are high. Patients receiving timely and
proper treatment is one of the reasons. 4) Patients were given nebulized
acetylcysteine to inhale as an expectorant to protect their airways. At
the same time, for patients with a strong inflammatory response and
acute progression as observed on pulmonary imaging, the short-term
use of low-dose glucocorticoid for anti-inflammation might be one of
the reasons for achievement of good treatment outcomes.

It is also worth noting that M. Dryden et al. reported [24] that
people with low immune function, such as the elderly and patients with
diabetes, are at high risk for progression to severe/critical condition,
but statistical significance was not achieved for use of diabetes as a risk
factor, perhaps because the number of patients recruited in this study is
not sufficiently large. As such, comorbidity of diabetes and the absolute
number of lymphocytes cannot be separately used as risk factors for
severe/critical outcomes at the initial diagnosis.

Although this study is limited because it did not fully cover all of the
COVID-19 cases in Shiyan, all of the samples from the CDC of Shiyan
will be collected at a later stage for further future studies. At this mo-
ment, a lack of data exists on the time required for the virus to turn
negative as an indicator of the recovery of the patients.

In summary, it was found that diagnosis of COVID-19 patients in
Shiyan is primarily based on the travel history questionnaire in Wuhan
at the initial stage and family clustering in the later stage. Obviously,
the virus incubation period is long, the virulence is relatively low, and
the onset is relatively secretive. At initial diagnosis, most of patients are
classified as ordinary patients, whereas the number of patients who
become severe and critical are lower than that reported in Wuhan.
Diabetes might be one of the risk factors for progression to severe and
critical manifestations. However, multivariate regression analysis
should be explored to predict the factors for development into severe
and critical conditions and to guide the allocation of clinical resources.
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